Long-term studies from undisturbed forests provide a baseline by which to assess impacts of human activities, including climate change, on vertebrate population dynamics in lowland tropical forests. We use cameratrap data from January to March, 2005March, to 2015, to examine patterns of variation in numbers of images and occupancy (proportion of cameras where images of a species were obtained), variables that may reflect changes in abundance or activity patterns of terrestrial mammals and birds in an undisturbed lowland forest of eastern Ecuador. We accumulated 1,961 independent records of 31 mammal species and 427 images of 17 bird species during 5,547 trap-days. Number of mammal species ranged from 15 to 25 per year (107 to 466 images), whereas birds ranged from 3 to 11 species per year (10 to 122 images). Capture rates varied both among species and among years but showed no evidence of declines; populations of several species appeared to increase (Priodontes maximus, Dasypus novemcinctus, Pecari tajacu, and Dasyprocta fuliginosa). Similarly, occupancy rates provided no indication of consistent declines; occupancy rates increased significantly for D. fuliginosa, D. novemcinctus, and P. maximus. There was no indication that variation in either capture rates or occupancy was related to variation in large-scale climate trends as represented by the Southern Oscillation Index. Results suggest that populations of most species that are well sampled by camera traps have remained relatively stable over 11 years. Long-term studies from other regions in the tropics are needed to evaluate the generality of this pattern.
Long-term studies (> 10 years) are important for understanding population dynamics of vertebrates in tropical forests (Pitman et al. 2011) . Although several studies have evaluated long-term changes in bird populations (Robinson 1999; Martínez and Gomez 2013; Blake and Loiselle 2015) , similar studies on mammals are rare (Laurance et al. 2008; HoppeDominik et al. 2011; Pitman et al. 2011 ). Yet, given anthropogenic disturbances (e.g., hunting, extractive activities, forest loss and fragmentation, road development), including climate change, studies that evaluate populations over extended periods with consistent methods are needed (Harris et al. 2011; Hoppe-Dominik et al. 2011; Brodie et al. 2015) . Studies from apparently undisturbed forests are especially important because they can provide a baseline from which to evaluate impacts in more disturbed areas (e.g., to separate global effects of climate change from more local effects of habitat disturbance).
Studies on mammals in lowland tropical forests are hampered by difficulties associated with sampling species that often are hard to detect (nocturnal, rare, elusive-Tobler et al. 2008) . As a consequence, camera traps have become an increasingly important tool for research (Burton et al. 2015) . Camera traps have been used to study individual species, particularly cats (e.g., Maffei et al. 2004; Di Bitetti et al. 2008a ; Karanth et al. 2006; Blake et al. , 2016 as well as community composition (Trolle 2003a (Trolle , 2003b Tobler et al. 2008; Ahumada et al. 2011) , activity patterns (Gómez et al. 2005; Blake et al. 2012; Foster et al. 2013) , use of specific habitats, such as mineral licks (Tobler et al. 2009; Blake et al. 2010 Blake et al. , 2011 , and impacts of hunting (Di Bitetti et al. 2008b; Blake et al. 2013) , among other topics. Most studies on community composition, however, have been of relatively short duration (< 1-2 years; e.g., Trolle 2003a Trolle , 2003b Srbek-Araujo and Chiarello 2005; Tobler et al. 2008 ) and do not evaluate patterns of change across multiple years (but see Beaudrot et al. 2016 ). For example, Ahumada et al. (2013) evaluated changes in occupancy of 13 species of mammals along a forest elevational gradient in Costa Rica over 5 years and demonstrated significant declines in several species in an area affected by human activities (e.g., hunting, deforestation). Similar studies are needed from regions not subject to similar anthropogenic influences.
Here, we use 11 years of camera-trap data from an undisturbed site in lowland forest of eastern Ecuador to examine changes in apparent numbers or spatial distribution patterns of terrestrial animals, as indexed by capture (photographic) and occupancy rates. The major objective was to determine whether and how these indices vary over time and whether there are consistent patterns across species and groups of species. More specifically, our goal was to determine if there was any evidence, based on changes in either index, of consistent changes in populations over the 11-year period of the study.
This question was motivated, in part, by concurrent studies on bird populations at the same site that demonstrated substantial declines (~40-50%) in numbers, based both on captures in mist nets and direct observations, of many species since about 2009 (Blake and Loiselle 2015) . These declines were most likely in response to changes in weather patterns associated with ENSO (El Niño-Southern Oscillation) and not to any local changes in habitat conditions or levels of human activity. Thus, we ask whether there is any indication that changes in populations of mammals and large terrestrial birds, sampled with camera traps, were associated with changes in the Southern Oscillation Index (SOI), a measure of the strength of ENSO. Given the nature of the data (descriptive), we do not seek to test specific hypotheses but simply examine the data for any consistent patterns or trends.
Materials and Methods
Study site.-Research was conducted at Tiputini Biodiversity Station (TBS), Orellana Province, Ecuador (ca. 0°37′S, 76°10′W, 190-270 meters above sea level). TBS is located adjacent to and partially inside Yasuní National Park on a tract of largely undisturbed lowland rain forest within the biologically diverse Yasuní Biosphere Reserve (Bass et al. 2010) . The biosphere reserve encompasses Yasuní National Park (~1,000,000 ha-Minesterio del Ambiente 2011), the adjacent Waorani Ethnic Reserve (~700,000 ha), and a 10-km buffer zone (Ministerio del Ambiente del Ecuador 2010). The station and nearby areas are dominated by terra firme forest; várzea forest, palm swamps, and various successional habitats also are present. Mean annual precipitation at Yasuní Research Station, approximately 30 km WSW of TBS, is about 3,100 mm.
Camera traps.-Cameras triggered by an infrared heat-andmotion detector were initially deployed in January 2005 and were in use during most years from 2005 to 2015 (Table 1) . Pairs of cameras were located approximately 1-1.2 km apart along narrow (< 0.5 m) preexisting trails within terra firme forest (see map in Blake et al. 2016) . Cameras were placed at sites that showed evidence of animal activity (e.g., tracks) or at sites where occurrence was likely (based on topography and local knowledge). We did not use any chemical attractants. Spacing of cameras is comparable to many previous studies that used camera traps (Burton et al. 2015) but cover a smaller total area than most studies as we were specifically interested in changes that may have occurred within the station area where bird studies indicated declines in abundance of many species. Thus, results pertain to this particular area of lowland forest and may or may not be representative of largerscale patterns. Two cameras were placed at each location, on opposite sides of the trail, approximately 0.5 m off the ground.
In a previous study at the same study site (Blake and Mosquera 2014), we found little evidence that capture rates of most species, with the exception of felids, differed between locations on or away from trails. Vegetation was cleared immediately in front of each camera but locations were not otherwise disturbed. We set cameras with a minimum time between images of 3-5 min. Cameras remained continuously activated (except when malfunctions occurred); date and time were automatically stamped on each image. Cameras were visited at approximately monthly intervals to replace film, change SD cards, and check batteries. Throughout the course of this study, we have used a combination of film-based (Highlander Photoscout, PTC Technologies, Huntsville, Alabama) and digital camera traps (Cuddeback Capture, Cuddeback, Green Bay, Wisconsin; Reconyx Hypefire, Reconyx, Holmen, Wisconsin). According to manufacturers' information, cameras had reaction times of approximately 0.3, 0.5, and 0.2 s, respectively. Thus, camera type is not likely to have affected results as all cameras sampled animals equally well.
Here, we use data from January to March, as these months were sampled in each year that cameras were deployed (Table 1) . Number of locations (area covered by a camera's detection zone- Burton et al. 2015 ; also referred to as "sampling point"-Ahumada et al. 2013) with functioning cameras also varied somewhat across years (Table 1) because of limitations in number of cameras or malfunctions with cameras. Across all years, there were 11 separate locations along trails at which cameras were deployed; except for 1 year (2012, when many cameras failed), at least 9 of the 11 locations were sampled in each year of the study.
Analyses.-We summarized images by species and date. We classified images as belonging to independent records if more than 30 min had elapsed between consecutive images of the same species at a given location (O 'Brien et al. 2003; Datta et al. 2008; Blake et al. 2011) . We took 2 different approaches to evaluate changes in activity patterns. First, activity was evaluated in terms of number of images/100 trap-days (hereafter referred to as capture rates; i.e., captures of images). Previous studies have demonstrated that capture rates can reflect changes in actual abundance (Carbone et al. 2001; Rovero and Marshall 2009; Kuprewicz 2013 ). We calculated number of trap-days from the time the camera was placed in operation until it was removed or, if malfunctions occurred, until the last image was recorded (based on date and time stamps on the image). We combined records across months during a given year.
In addition to capture rates, we used occupancy (i.e., proportion of sites occupied, or number of camera locations at which the image of a species was recorded) analyses (MacKenzie et al. 2002 (MacKenzie et al. , 2006 to estimate probabilities of occurrence at camera locations. We used occupancy analyses to help account for issues associated with detectability (i.e., possibility that an individual may have occurred at a camera location but for which no image was obtained) and to help eliminate impacts of multiple photographs of single individuals at a specific camera location that could inflate capture rates. We used single-species single-season occupancy models, as we were not specifically interested in estimating colonization and extinction rates (multi-season models-MacKenzie 2012). Occupancy may reflect changes in abundance, at least in some cases (MacKenzie and Nichols 2004; Ahumada et al. 2013 ). Yearly samples were subdivided into 2-week sessions for the analyses. Thus, presence-absence matrices were developed for each species for each year, with rows representing camera locations and columns representing presence (1) or absence (0) in at least 1 image at a given camera location during each 2-week sample session. We used 2 models: 1 that assumed occupancy and detection were constant across sample periods within each year; and 1 in which detection was assumed to vary across the 2-week sample periods (i.e., to be survey specific). All analyses were run with program PRESENCE 9.7 (Hines 2006) .
Capture rates and occupancy rates both may be affected by factors that do not relate directly to abundance so interpretation of results must keep these limitations in mind. The distance between camera locations in this study is similar to that found in many camera-trap studies (reviewed by Burton et al. 2015) . Nonetheless, data recorded by such cameras are not necessarily independent as some individuals of larger species (e.g., Panthera onca, Puma concolor, Leopardus pardalis, Tayassu peccari) may be recorded at more than 1 location (Blake et al. , 2016 . Thus, rates of capture may reflect variation in spatial activity patterns as well as variation in numbers of individuals. Similarly, the fact that home ranges of some species likely encompass multiple camera locations violates one of the key assumptions of occupancy analysis (Burton et al. 2015) . Model-based estimates of occupancy could not be determined for species with too few records; in other cases, no good estimate (e.g., 95% confidence interval from 0.0 to 1.0) was obtained for specific years for some species represented by multiple captures. Thus, we also calculate naive estimates of occupancy (i.e., number of camera locations out of the total for that year at which a given species was recorded- Hegerl et al. 2015; Beaudrot et al. 2016 ) as a measure of habitat use and ask whether naive estimates of occupancy differed from patterns seen with model-based estimates. We used correlation coefficients to examine the relationships between these estimates of activity.
Given that declines in bird populations at the same study site (Blake and Loiselle 2015) appear to have been related to changes in climate associated with ENSO, we used correlation coefficients to examine patterns of change in camera-trap data in relation to annual SOI values with and without a 1-or 2-year lag. We used 1-and 2-year time lags under the assumption that if changes in climate affected reproduction or survival, those effects might not be felt immediately but rather would accumulate over time. SOI values were obtained from National Weather Service, Climate Prediction Center, National Oceanic and Atmospheric Administration (http://www.cpc.ncep.noaa. gov/data/indices/).
We used paired t-tests to compare model-based and naive estimates of occupancy of species with sufficient numbers of images. Similarly, we used coefficients of variation (CVs) to compare variation among samples in capture rates and occupancy rates; paired t-tests were used to compare CVs between the 2 rates. We used correlation coefficients to examine change in capture and occupancy rates over time (i.e., across years of the study) using year as the independent, continuous variable (see Ballard et al. 2003; Blake and Loiselle 2015) 
results
We accumulated 1,961 independent records (images separated by at least 30 min for the same species at the same location) of 31 mammal species and 427 images of 17 bird species during 5,547 trap-days (Table 1 ; Supplementary Data SD1). Number of mammal species ranged from 15 to 25 per year (107 to 466 images), whereas birds ranged from 3 to 11 (10 to 122 images; Table 1) .
Capture rates.-Overall capture rates (number of independent images/100 trap-days) varied across years, both for mammals (CV in capture rates = 50) and birds (CV = 62). Capture rates were highest for both groups in 2014 but lowest for mammals in 2006 and for birds in 2007 and 2012. For neither group was there any evidence that capture rates declined over time (Table 1) . Highest overall capture rates were recorded for Myoprocta pratti, Dasyprocta fuliginosa, Pecari tajacu, and Psophia crepitans (Table 2 ); 7 additional species had rates of at least 1 image/100 trap-days.
Capture rates varied among years for individual species but extent of variation differed among species (Supplementary Data SD2). Among mammal species recorded in at least 8 of 9 years (14 species), variation (as indexed by CV) was generally lower among felids (CV = 23 to 65) than among ungulates (64 to 100) or terrestrial rodents (95 to 119; Table 2 ). Among birds, variation across years was largely driven by changes in number of images of P. crepitans, which accounted for 70% of all bird images ( Fig. 1; Table 2 ). Capture rates tended to be particularly high in 2014 for many species (Supplementary Data SD2) and low in 2006. Higher capture rates in later years were particularly pronounced for P. tajacu (2014, 2015) , Mazama americana (2014), and D. fuliginosa (2014, 2015) , among mammals (Fig. 2) . Capture rates were highly positively (r ≥ 0.75) correlated with year (i.e., meaning that capture rates tended to increase over time from 2005 to 2015) for Priodontes maximus (r = 0.81, P < 0.01), Dasypus novemcinctus (r = 0.75, P < 0.02), P. tajacu (r = 0.76, P < 0.02), and D. fuliginosa (r = 0.89, P < 0.005). Two mammal species, Tapirus terrestris and M. pratti, showed large, single-year spikes in numbers of images (Fig. 2) . In both cases, the increase was a consequence of many images at single camera locations. There were 71 images of T. terrestris at 1 location in 2011 (85% of 2011 total; average across other years at the same site was 2.8 images/location) and 61 records of M. pratti at 1 location in 2010 (66% of 2010 total; average across other years at the same site was 3.4 images/location).
Capture rates for all carnivorans combined were not correlated with capture rates of other groups, including rodents (r = −0.20), ungulates (r = −0.22), and armadillos (r = −0.30). In contrast, capture rates of rodents were correlated with ungulates (r = 0.71) and armadillos (r = 0.93) and capture rates of ungulates were correlated with armadillos (r = 0.73; P < 0.05, all comparisons). Capture rates of rodents, ungulates, and armadillos correlated positively with year (r = 0.76, 0.76, and 0.78, respectively; P < 0.05 all comparisons) but capture rates of carnivorans did not (r = 0.12).
Capture rates of birds and mammals, all species combined, showed no significant correlation (positive or negative) with SOI values, with or without a time lag. Similarly, capture rates of individual species, after adjusting for multiple comparisons, showed no significant relationship with SOI. (Figs. 3 and 4) . Occupancy rates did increase over time for 3 of the 4 species whose capture rates were correlated with year: D. fuliginosa (correlation between year of study and occupancy: naive, r = 0.81, P = 0.008; modelbased, r = 0.76, P = 0.017), D. novemcinctus (naive, r = 0. 88, P = 0.002; model-based, r = 0.88, P = 0.02), and P. maximus (naive, r = 0.70, P = 0.035). In almost all cases, variation among years (i.e., CV) in occupancy rates was less than variation in capture rates (Table 2) , whether based on naive estimates (paired t-test, t 22 = 5.68, P < 0.001, mammals and birds combined) or model-based estimates (paired t-test, t 8 = 5.04, P < 0.001). Model-based and naive estimates of occupancy showed very similar patterns for most species (Fig. 3) . Correlations between the 2 estimates were high (r ≥ 0.90) for 5 species (Table 2) . Lower correlation for Tayassu pecari reflected differences in estimates for 2005; excluding 2005, when model-based estimate was twice the naive estimate (Fig. 3) , the correlation between the 2 estimates was much higher (r = 0.97 versus 0.39). In all cases, however, modelbased estimates were higher than naive estimates of occupancy (paired t-test, t 8 = 7.73, P < 0.001).
As was true for capture rates, measures of occupancy were not correlated with SOI values. 
discussion
Distinguishing impacts of human activities from natural sources of variation in patterns of distribution and abundance of animals requires long-term studies, especially from areas that have not experienced significant anthropogenic impacts (Ahumada et al. 2011; Pitman et al. 2011; Blake and Loiselle 2015) . Camera traps provide 1 means for assessing the dynamics of many terrestrial mammals and some birds (Tobler et al. 2015) , and are particularly useful in habitats, such as lowland tropical forests, where animals often are difficult to observe and count (Ahumada et al. 2011) . Despite this, there are few studies that have used camera traps to evaluate population dynamics of tropical mammals (or birds) over more than a few years (Karanth et al. 2006; Hoppe-Dominik et al. 2011; Ahumada et al. 2013 ; but see Beaudrot et al. 2016 (Pitman et al. 2011; Blake et al. 2012 Blake et al. , 2013 . Activity patterns of most species sampled by camera traps in this study varied among years, often substantially, whether indexed by number of images (capture rates) or presence at camera locations (occupancy). Although such variation may be common for most vertebrates in tropical forests, we lack comparative data to assess this possibility (Martínez and Gomez 2013; Blake and Loiselle 2015) .
The current study is the first (that we are aware of) to use camera traps to sample terrestrial mammals and birds over such an extended period (11 years) in a lowland tropical forest not noticeably affected by human activities. Beaudrot et al. (2016) summarized data from 15 camera-trap studies, but most (12) were from areas affected by hunting, including all 3 areas represented by 6 to 8 years of data. Thus, the current study is unique in terms of length and the lack of human impacts. Although oil exploration has occurred in the general vicinity of our study area (Finer et al. 2008; Bass et al. 2010) , current extraction activities and attendant disturbances (such as road construction) are not present at our site and are not likely to have had a measureable impact on vertebrate populations, at least to date. Similarly, although some hunting has occurred and continues to occur in the general area (D. Mosquera and J. G. Blake, pers. obs.), the level of hunting is infrequent. Both types of disturbance may increase in the future, emphasizing the value of studies conducted before such increases occur.
A motivating question of this study was whether there was any indication that populations of any species (among those sampled by camera traps) had declined over the past decade. Although the sample size (number of cameras) is relatively small, there was no indication that populations of any species have declined over time, whether measured by capture rates or by occupancy. This is in contrast to substantial declines in capture rates and direct observations of many bird species that have occurred at this location during this same time period, likely in response to changes in climate (ENSO-Blake and Loiselle 2015). Thus, factors that have influenced many bird species apparently have not (yet) had an impact on terrestrial mammals and large terrestrial birds. In fact, rather than decreases in activity or habitat use, several species, including some that are frequent targets of hunters in other locations, such as P. tajacu, P. maximus, D. fuliginosa, and D. novemcinctus, appear to have increased in capture rates or occupancy, potentially suggesting an increase in abundance. These results contrast with those of Ahumada et al. (2013) , who documented declines in occupancy of several species over a 5-year period along an elevational gradient in Costa Rica; declines were noted for Cuniculus paca, Dasyprocta punctata, and D. novemcinctus, 2 of which are the same or closely related to species that increased in occupancy at TBS. Declines in C. paca and D. punctata may have been related to increased hunting pressure (Ahumada et al. 2013 ), an effect not present in the current study.
Although capture rates may be a good reflection of abundance in some cases (Carbone et al. 2001 ; Rovero and Marshall 2009; Kuprewicz 2013), capture rates also can be influenced by a variety of other factors (Burton et al. 2015) and, therefore, may not always be a good reflection of abundance, particularly for species that cannot be individually recognized (most species). Rather, rates may be a reflection of activity patterns (i.e., frequency with which animals pass in front of cameras). That frequency may be affected, for example, by variation in camera placement (on trails or off trails; height of camera) that affects which species may pass in front of the sensor (Harmsen et al. 2010; Di Bitetti et al. 2014) .
If a camera is located within a portion of the home range that an individual frequents, then capture rates may be inflated, as likely occurred with a M. pratti in this study. Spatial and temporal variation in resources, such as presence of fruiting trees, also may affect patterns of habitat use and, thereby, influence chances and frequency of being photographed, as may have occurred with T. terrestris during 2012 in this study. In that case, at least several individuals (based on different markings or scars) were repeatedly photographed and may have been attracted to fruiting trees (Ficus sp.) in the neighborhood of the camera. Thus, these individuals may have inflated capture rates at that location.
Occupancy analysis (e.g., Tobler et al. 2009; Sarmento et al. 2011; Ahumada et al. 2013 ) provides an alternative method by which temporal changes in abundance, which are assumed to be reflected by changes in occurrence, can be evaluated. Analyses of abundance that are based on occupancy assume that increases in abundance will lead to a wider distribution of individuals of a given species, thereby increasing the likelihood of encountering more camera traps, or increased density, thereby increasing the likelihood of encountering cameras within a particular area. By contrast, decreases in abundance could lead to contractions in distribution or reduced density, both of which might be reflected in a decreased number of locations at which the species is detected (Ahumada et al. 2013) . Two important assumptions of occupancy analysis are that of closure (no change in occurrence of species during the sample period; no immigration or emigration) and independence among cameras (individuals do not encounter multiple cameras-O 'Connell and Bailey 2011) . Both assumptions are likely to be violated in many cases (Burton et al. 2015) . Larger species, such as P. onca and T. pecari, are more likely to move over longer distances and encounter multiple cameras than are many smaller species, such as Dasyprocta spp. Thus, estimates of occupancy, as may be true for estimates based on capture rates, may reflect levels of activity or patterns of habitat use rather than abundance per se (MacKenzie et al. 2006; Tobler et al. 2015; Burton et al. 2015) .
Model-based estimates of occupancy assume that detection is not perfect (MacKenzie et al. 2002) so that naive estimates of occupancy (proportion of locations at which a species is detected) will be an underestimate of true occupancy (Bailey et al. 2004) . Nonetheless, in this study, the 2 types of estimates were highly correlated for most species examined so that both estimates showed similar patterns of change over time. Similarly, naive and model-based estimates of occupancy appeared highly correlated in Ahumada et al. (2013:figure 2) . Naive and model-based estimates of occupancy also were highly correlated in 2 studies based in the Udzungwa Mountains of Tanzania (r = 0.88 and 0.97, for 7 species at 2 sites- Hegerl et al. 2015 ; r = 0.88 for 11 species at another site- Rovero et al. 2014) . Given that, in many cases, species may be represented by too few images to use model-based estimates (Beaudrot et al. 2016) , naive estimates of occupancy may provide an alternative for assessing patterns of change over time, while still recognizing that naive estimates likely are low. Additional studies that assess the generality of this pattern and that examine factors that lead to differences in the 2 types of estimates for some species would be useful.
Many bird species have declined in numbers at TBS during the last decade (Blake and Loiselle 2015) , possibly as a response to changes in weather patterns associated with ENSO. In contrast, results of the current study provide no evidence to suggest that mammal species and large terrestrial birds have experienced similar declines over the same time period. In fact, capture rates and occupancy of several species appear to have increased over the course of this study, perhaps reflecting an increase in abundance, something seen for few bird species during this same time period (e.g., Platyrinchus coronatus-Blake and Loiselle 2015). It must be kept in mind, however, that the number of samples (camera locations) and total area covered are both relatively low compared to most camera-trap studies, perhaps reducing the possibility of detecting small changes in populations. Nonetheless, the fact that significant increases in capture rates and occupancy were detected for some species suggests that any declines, if present, were not significant.
Most mammal species that are well sampled by camera traps, and the few large birds also captured by camera traps (e.g., P. crepitans), did exhibit considerable variation in capture rates and occupancy but causes for that variation are not known. There have been no changes in overall habitat conditions, hunting pressures, or other human activities during the course of this study that might explain variation in species populations. Changes in weather patterns associated with El Niño-La Niña conditions have occurred and may have led to changes in bird numbers (Blake and Loiselle 2015) . However, we found no evidence to suggest that those changes have influenced populations of animals sampled with camera traps. It is entirely possible that the variation seen in most species is normal-we simply do not have good comparative data to assess that possibility. On the other hand, the lack of any evidence for consistent declines in abundance does suggest that neither local human activities nor changes in weather patterns have had a negative impact. Continued monitoring will be necessary to evaluate whether this remains true in the future.
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